health care sector has the capacity to respond to the increasing incidence of dementia associated with population aging, 8 but to do so optimally it must systemically integrate with all relevant health and social care sectors. Understanding the epidemiology and management of dementia among community-dwelling older people in primary care practices is a crucial component in developing such a system.
The Canadian Primary Care Sentinel Surveillance Network (CPCSSN) began in 2008 and represents the equivalent of national primary care surveillance systems such as the Clinical Practice Research Datalink in the United Kingdom. 9 The CPCSSN extracts, cleans and processes de-identified clinical data every 3 months from the electronic medical records (EMRs) of participating community-based family physicians and primary care nurse practitioners (sentinels). 10 Sentinels are recruited in a strategic manner to produce a database that is representative of primary care practitioners and patients across Canada. 11 Sentinels must practise full-service family medicine to be included, although they need not provide obstetric care.
Data from the CPCSSN are contemporaneous and more comprehensive than those available through administrative sources. For instance, physicians are often restricted to submitting a limited number of billing codes for payment, irrespective of how many conditions they were actively managing during a patient encounter. The recording of activities or observations for clinical use rather than for billing purposes creates a wealth of data not available in administrative data sets. Using CPCSSN data for research, surveillance and clinical quality improvement also has advantages over the use of survey data, because EMR data are extracted regularly and inexpensively, provide opportunities for longitudinal follow-up and are based on practitioner report rather than on patient self-report. Most notably, EMR data are directly relevant to primary care clinical practice, organization and policy.
We conducted this study to estimate the prevalence and pharmacologic management of dementia among communitydwelling people 65 years and older attending primary care practices across Canada.
Methods

Data source and study population
We used CPCSSN data as of Dec. 31, 2012 . At that time, the network included data from 444 sentinel physicians and nurse practitioners providing data on more than 440 000 patients from their practices in 7 provinces across Canada. Data from this period have been used consistently in a series of studies describing the prevalence and management of the 8 CPCSSN "index conditions" in primary care, [12] [13] [14] [15] [16] of which this study is the latest.
We included all patients in the CPCSSN database aged 65 years or older on Dec. 31, 2012 , who had at least 1 clinic visit recorded in their EMR on or after Jan. 1, 2011. We included information on demographic characteristics, diagnoses, medications, measurements on physical examination (i.e., body mass index [BMI], weight and height) and billing codes.
Case definition for dementia
We used a case definition for dementia (Box 1) that was developed specifically for use in Canadian primary care EMRs and did not attempt to be applicable in health administrative or other data sets. It included relevant billing codes, diagnostic codes from the patient profile and encounter data, medication data (cholinesterase inhibitors and NMDA [N-methyl-daspartic acid] medications) and text data. 17 Validation of the definition produced a sensitivity of 96.8%, specificity of 98.1%, positive predictive value of 72.8% and negative predictive value of 99.8%.
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Variables of interest
We examined whether the prevalence of dementia varied by patient characteristics, including age, sex, BMI and rural or urban residence. We chose these characteristics because they are important sociodemographic characteristics in relation to the prevalence and clinical management of chronic disease in primary care. We used BMI values recorded in the EMR; if no value was present, we calculated it using the most recent height and weight values. We classified the BMI values as underweight (< 18), normal (18) (19) (20) (21) (22) (23) (24) , overweight (25) (26) (27) (28) (29) and obese (≥ 30). We determined residence in rural or urban areas using the second digit of the patient's postal code (0 indicates rural; other values indicate urban). 18 We report comorbidity in relation to other chronic conditions for which CPCSSN has a validated case definition (i.e., hypertension, diabetes, chronic obstructive pulmonary disease, osteoarthritis, depression, epilepsy and parkinsonism, including Parkinson disease). 17 We describe the pharmacologic management of dementia in primary care settings by province, including the type and number of dementia-specific medications (donepezil, galantamine, memantine and rivastigmine) prescribed by a primary care practitioner. We considered a dementia-specific drug to have been used if there was at least 1 prescription for that medication recorded in the EMR. We were unable to confirm whether patients had been prescribed medications elsewhere (e.g., from a specialist) or whether the prescription was filled or taken as directed.
For province-specific subanalyses, we calculated age-and sex-adjusted prevalence rates from 2008 to 2012 for dementia in Alberta, Manitoba, Ontario, Nova Scotia, and Newfoundland and Labrador. We excluded British Columbia and Quebec from these analyses because their samples of patients and providers were small and may not reflect broader provincial trends. At the time of our study, CPCSSN did not have dataextraction processes in Saskatchewan, New Brunswick, Prince Edward Island or the Territories.
Statistical analysis
We used a combination of descriptive statistics and multivariate modelling using SAS software, version 9.3. Two separate log-binomial regression analyses were carried out to calculate prevalence, each controlling for age and sex of the study population according to national population distributions, 19 and to explore associations with residence location and BMI cate-gory. In addition, we analyzed the presence of comorbid conditions using the same log-binomial approach, adjusting for age and sex. Results are expressed as prevalence ratios with 95% confidence intervals (CIs).
Results
Of the 59 177 community-dwelling patients aged 65 years and older for whom we extracted data, 4552 were identified as having dementia, for a crude prevalence estimate of 7.7%. Prevalence estimates for dementia rose with increasing age, with women aged 85 or older showing a slightly higher prevalence than men in the same age group (22.5% v. 20.5%) (Table 1) . After adjusting for age and sex, we found a significant decrease in the prevalence of dementia among patients who were obese compared with those of normal weight (prevalence ratio 0.89, 95% CI 0.81-0.97) and a significant increase in prevalence associated with comorbid diabetes, depression, epilepsy and parkinsonism ( Table 2 ). The prevalence of dementia was lower among patients living in rural settings than among those in urban locations, although the difference was not significant (Table 2) . Table 3 provides an overview of the pharmacologic management of dementia in primary care by province from 2008 to 2012. Most of the patients with dementia did not receive a prescription for a dementia-related medication from their pri-
Box 1: Case definition for dementia* developed by the Canadian Primary Care Sentinel Surveillance Network
Classification can occur by meeting criteria in any of the sections below (billing, problem list/encounter diagnosis, medication), unless specified otherwise Note: ATC = Anatomical Therapeutic Chemical Classification System, ICD-9 = International Classification of Diseases, 9th revision. *Includes Alzheimer disease, frontotemporal dementia, Pick disease, senile degeneration of the brain, corticobasal degeneration, cerebral degeneration, dementia with Lewy bodies, mild cognitive impairment, senile dementia, presenile dementia, vascular dementia, senility without mention of psychosis. mary care provider, although the proportion decreased over time. Among patients who were prescribed a medication for dementia, most had received a prescription for 1 drug only, and the majority of prescriptions were for donepezil in all provinces except for Nova Scotia, where galantamine was more frequently prescribed in 2009 and 2010. Age-and sex-adjusted prevalence estimates at the provincial level, to explore variations across Canada and over time, are shown in Figure 1 and in Appendix 1 (available at www. cmajopen.ca/content/4/2/E177/suppl/DC1). Alberta, Manitoba, Nova Scotia and Ontario had considerable increases in the prevalence of dementia from 2008 to 2012. In 2012, the dementia prevalence was highest in Ontario (7.4%) and lowest in Newfoundland and Labrador (5.7%).
Billing
Problem list/encounter diagnosis Medication
Interpretation
Our estimate of the age-standardized prevalence of dementia among community-dwelling people 65 years and older was 7.3%. Global estimates of dementia in primary care settings have ranged from 5% to 10%. [20] [21] [22] Our finding may be an underestimate, because many physician-specific and systemwide factors preclude swift diagnosis in primary care. It is inevitable that nondiagnosis of some incident cases will occur, especially for a condition such as dementia, whose onset is insidious, even in a sample which, by definition, is known to have seen a physician in the last 2 years. Although the majority of patients experiencing the first signs of dementia initially visit a primary care provider, many, if not most, appear to have their diagnosis confirmed by a specialist. 23 This suggests that primary care practitioners need training and experience to undertake routine diagnosis and management without referral. Reasons for dementia diagnoses occurring in specialist practices rather than primary care are multifaceted and include primary care providers having a lack of confidence in dementia knowledge and support resources; concern about misdiagnosis; perception of usefulness of diagnosis and treatment options; and lack or mistrust of screening tools. 20, 22, 23 In recent years, new models for dementia care have become widespread in primary care practices, 24 which may facilitate the management of these patients in that setting.
The discrepancies between diagnosis in primary and specialist care may also explain why most of the patients with dementia in our study did not have a prescription for a dementia-specific medication in their EMR. Although the family physician is typically the first point of contact for communitybased patients with dementia, prescription of medication is often split between them and specialists. 25, 26 Patterns of prescription among primary care physicians are markedly similar across several countries, despite differences in health and insurance systems. The most frequently prescribed medications are cholinesterase inhibitors (e.g., galantamine, donep ezil and rivastigmine) and NMDA antagonists (e.g., memantine), reported in 50%-90% of cases. [27] [28] [29] Our estimate for the proportion of patients prescribed these medications by their primary care provider was lower than that reported elsewhere and may reflect legitimate uncertainty in Canada about their effectiveness. 30, 31 It may also reflect incomplete recording of prescribing by specialists in primary care EMRs. Provincial prescribing policies related to these medications are also likely additional sources of variance.
Our prevalence estimates for dementia in primary care practices by province over time indicate expected rates of increase in most provinces associated with the aging population, with Ontario showing the highest prevalence in 2012 (7.4%). Newfoundland and Labrador was an exception, having the lowest prevalence in 2012 and not showing a steady increase since 2008. The reasons for this require further investigation. It could be that dementia patients in Newfoundland and Labrador may be entering long-term care facilities more readily than their counterparts in other provinces. It may be that dementia is not being diagnosed in primary care as readily as it is in patients elsewhere. These findings highlight the importance of appropriate health services planning, because most provinces identified in our study have seen rates of dementia in primary care rise by 30%-50% from 2008 to 2012.
Across the country, we observed a lower prevalence of dementia among patients living in rural areas than among those in urban settings. Although this difference was not significant, it may suggest that patients with dementia are likely to move to urban locations where they can access services related to their condition or to reside closer to family living in town. 
Type of medication † Although obesity is considered to be moderately associated with dementia, 32 we found a significant decrease in the prevalence of dementia among obese patients. This may reflect lower food consumption among people with dementia. 33 Comorbid conditions that we found to be associated with a higher prevalence of dementia included diabetes, depression, epilepsy and parkinsonism. In this, our data both supports and diverges from previous research. The most frequent comorbid conditions previously reported in dementia patients include coronary artery disease, diabetes, congestive heart failure and hypertension. 34, 35 A US study found that 95% of patients with dementia had 1 or more comorbid conditions, with 26% having coronary artery disease and 23% having diabetes. 36 In a Canadian study, 19.5% of dementia patients had a mood dis- order compared with 5.3% in a group of the same age without dementia. 37 We found no association between dementia and hypertension in our study population despite the current recognition of cardiovascular disease as a risk factor for dementia. Further development of the case definition for dementia will be needed to analyze the association with other important comorbid conditions, such as coronary artery disease and congestive heart failure, for which CPCSSN does not currently have validated case definitions.
Limitations
The CPCSSN database contains only data entered into primary care EMRs. Also, the data are only for patients who attend participating primary care practices. Although this generally excludes residents in long-term care facilities, most Canadians living in the community visit their family physician at least once each year, 38 and we took strategic sampling measures to ensure representativeness of the data at a national level.
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The quality of dementia diagnoses in primary care is considered to be variable, with some family physicians confident to diagnose without referral or imaging and others making use of those supports to varying degrees. 39 Efforts to improve the diagnosis and management of dementia in primary care include the implementation of primary care-based memory clinics, 24 which attempt to capitalize on the particular expertise of family physicians with specific interest in the disease. Differentiating between different types of dementia is not currently possible within the CPCSSN database for reasons associated with data-recording behaviour among physicians, nor does CPCSSN data include information on other important aspects of community-based care, such as counselling, home care and advanced care planning.
Data quality can often be an issue with large primary care EMR databases, because these data are input for clinical purposes and not with research applications in mind. For instance, 30.5% of patients with the diagnosis of dementia in the CPCSSN database were missing BMI values and 3% did not have a postal code to confirm their urban or rural residence status. This may have caused our association between obesity and lower rates of dementia to be invalid, if the BMI data were missing in a nonrandom pattern. Data on smoking status are inconsistently recorded in primary care EMRs, both in form and content, and thus were excluded from our study. A misclassification bias may also exist, because the EMR database may not capture all community-dwelling patients with dementia, and our prevalence may thus be underestimated; however, our validity estimates for identifying cases of dementia in primary care EMRs are robust.
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Conclusion
The existence of robust health and utilization data in primary care is crucial for primary care development in Canada. Our analysis of dementia among community-dwelling patients aged 65 years and older based on EMR data from primary care settings across the country provides important insight into longitudinal prevalence estimates and aspects of pharmacologic management at a time when the prevalence of dementia and the demand for support are increasing. Understanding and improving the provision of primary care services for dementia is essential to maintain standards of care and the health of the nation. Achieving this includes an urgent need for improved undergraduate medical training and continuing medical education in the diagnosis and management of dementia, and the development and evaluation of EMR-based care pathways and other innovations for the support of patients and caregivers as well as community-based primary care providers.
